The toad was decapitated without anesthesia. The dorsal skin was reflected, the skull twisted with a pair of a sturdy scissors and the brain exposed. The cranial nerves and spinal cord were cut off from the brain, which was, then, gently taken out. In this procedure it was carefully avoided to injure or to distort the brain. The brain so isolated was, after having been washed in Ringer's solution, placed on a piece of filter paper moistened with Ringer's solution in a small dish. Cotton thread electrodes were used for leading off potential changes, one of them being placed on the surface of the brain and the other on the filter paper. The whole procedure had to be carried out as rapidly as possible; we used to finish the procedure within a few minutes. creased with the lapse of time (Fig. 3.A) . The spontaneous waves thus reduced in amplitude were meanwhile replaced by diphasic spike poten tials, which eventually faded into the noise level. The amplitude was found large on the olfactory bulb, hemisphere, and optic lobe in order.
Glutamic Acid. As soon as the brain was soaked in 1 per cent glutamic acid solution, so-called convulsive waves appeared on the hemisphere and the optic lobe, and lasted for several seconds or longer; they were over 100 p V in amplitude and 10 to 20 cycles per second in frequency (Fig. 2) . (B) after fading of spontaneous discharges.
Then, the convulsive waves were replaced by potentials of irregular rhythm which were finally followed by spike potentials. The minimal concentra tion just necessary to evoke convulsive waves was different from region to region of the brain. For example, on the hemisphere a drop of 0.1 per cent solution from an injector of 1 /4 mm. in diameter was sufficient to evoke convulsive waves, and on the optic lobe a drop of 1 per cent was the threshold. The-olfactory bulb was, however, found so insensitive to this drug that no appreciable convulsive waves could be obtained from it. Convulsive waves could be elicited by the drug even after the spontaneous discharge had disappeared. This indicates that glutamic acid is a strongly stimulating agent of the brain. Repeated application of a drop of the solution to the hemisphere at intervals of 10 minutes caused a burst of con vulsive waves every time, and such responses could be found till about 2 or 3 hours after excision of the brain. Such a procedure may be used for testing the excitability of the brain. Convulsive waves were also evoked in such a manner that a piece of filter paper of 1 mm. square moistened with the drug was placed on the brain. The waves evoked in this manner were transmitted from one part to another.
H-ion Concentration. The brains were soaked in Ringer's solution, of which the pH values were varied with phosphate and HCl buffer from 11.0 to 3.0. The amplitude of spontaneous waves increased in alkaline solution and decreased in acid solution within the pH range from 8.0 to 3.0. Soaking in an alkaline solution of pH 11.0 set up strong convulsive waves similar to those evoked by glutamic acid.
In an acid solution of pH 3.2 spontaneous waves were strongly reduced in amplitude, but the excitability of the brain as tested by application of glutamic acid was not so strongly affected, as can been seen from the following experiments: the response of the brain to stimulation with a drop of 1 per cent glutamic acid could be found even after soaking in this solution for about 3 hours. It is likely that the brain of frog is less sensitive to NaGN than those of higher animals , and as a consequence the drug must act stimulating on the frog's brain even at such a high consentration that a paralysing action would be seen on the brains of other animals.
In order to study more quantitatively the ex citability of the frog brain soaked in NaCN solution, the following experi ment was performed.
One drop of 1 per cent glutamic acid solution at a time was repeatedly applied to the hemisphere at intervals of 10 minutes till the brain ceased to respond to the stimulation . It was found that the Monoiodoacetic Acid. Isolated brains were soaked in monoiodoacetic acid-Ringer's solutions of various concentrations from 10-2M to 10-5M, and the spontaneous activity was observed.
The changes in amplitude of the spontaneous waves from the hemisphere are shown in Fig. 4 . Mono iodoacetic acid of 10-2M had no effect on the amplitude.
In 10-8M and 10-4M solutions the amplitude increased conspicuously and the rhythm became more regular (Fig. 3. C) . The solution of 10-5M seemed to have no effect on the spontaneous waves, which continued as long as in normal control.
Gerard and Libet3) described the appearance of polyphasic irregular waves from frog's brain soaked in iodoacetate, but in our experiment the rhythm was found always regular at least in the concentration range tested so far. Thus, the drug either has no effect upon the spontaneous waves or enhances them in moderate concentrations. It seems, therefore, that spontaneous waves have little to do with carbohydrate metabolism which is supposed to be impaired in the presence of monoiodoacetic acid. Carbo hydrate metabolism is, however, considered as important for recovery processes, because the ability of the brain to respond to stimulation with a drop of 1 per cent glutamic acid disappears rapidly when the brain is soaked into Ringer's solution containing monoiodoacetic acid. For ex ample the failure of response was found to set in 20, 30 and 70 minutes after soaking when the concentration of monoiodoacetic acid was 10-2, 10-3 and 10-4M respectively. These immersion times are decidedly shorter than that of normal control which usually becomes inexcitable with glutamic acid in about 2 or 3 hours.
DISCUSSION
The amount of glutamic acid and its amid in brain are said to be about 40 to 80 per cent of total amino-carboxyl-N of the brain,4) and glutamic acid is the only amino acid which is catabolyzed in brains5 Glutamic acid plays a role in deionization and removal of ammonia pro duced in brain through the three enzymic reactions, that is, deamination , transamination and amidation, and these reactions may rapidly pro ceed.6)7)8) On the other hand, glutamic acid is closely concerned with the respiration of the brain, although it is a question whether glutamic acid is utilized for brain respiration as a fuel. Thus, the problem of glutamic acid metabolism and its physiological and clinical significance has recently become one of the favorite topics; the effect of glutamic acid upon neurological diseases, such as petit mal epilepsy, schizophrenia , mon golism etc. is widely investigated, and in psychology it is now an interesting question whether or not the drug is effective to increase the learning ability of animals . 9)10)11)12)13)14) However, as to the mechanism of the effect of the drug, little information is available at present. It was reported by Nachmansohn15 that synthesis of acetylcholine (Ach) in dialyzed brain extract increased obviously in the presence of glutamic acid. Krebs and Eggleston16) showed that glutamic acid had an effect on the permeability of the neuronal membrane, especially permeability to K ions . Nach mansohn17) suggests that Ach plays an important-role in producing action potentials of nervous tissues, by changing the permeability of the neuronal membrane to K ions. Consequently it may be possible that glutamic acid increases the activity of Ach by facilitating its synthesis. In our experi ment the. potentials which were evoked by Ach in the isolated toad's brain were found to be very similar to those evoked by glutamic acid; strong convulsive waves are caused by a drop of Ach in concentrations of 10-1 to 10-4 per cent.
Let us now discuss the effect of NaCN.
It is well known that the by injection of CN in a small dose, probably because of the high sensitivity of the sino-aortic receptor to this drug. Rubin and Freeman22) observed that in 19 schizophrenic patients a small dose of CN intravenously injected increased the amplitude and the regularity of cortical activity and these authors ascribed the changes to a direct stimulating action of CN upon the cortical neurons. In the experiment by Gerard and Libet,3) CN in concentrations of 0.03 to 0.05 M made the amplitude of spontaneous waves smaller and the rhythm more rapid; these changes were similar to those due to decreased oxygen supply in cat and other animals. Moreover, in high concentration of this drug the spontaneous waves did not disappear completely. Even though they were suppressed temporarily, they re covered. When the brain so treated was placed in Ringer's solution, the brain waves promptly disappeared, but when the brain was again im mersed into the CN solution, the waves returned quickly. However, our observations did not always agree with those by Gerard and Libet. In our experiments, the spontaneous waves were abolished entirely in concentra tion of 10-2M of CN, but an initial rise of amplitude could be seen in such a low concentration as 10-5M. The latter fact indicates that CN in low concentrations enhances the spontaneous cortical activity, as is suggested by the above mentioned experiment of Gerard and Libet. waves, but no such occasional bursts of irregular large waves as described by Gerard and Libet could be seen. This increasing action of mono iodoacetic acid upon the cortical activity is far more conspicuous than that , of CN described above, and a depressant effect could hardly be seen with concentrations so far tested. However, its injurious effect could clearly be seen in that the brain treated with monoiodoacetic acid loses the capacity to respond to glutamic acid with the characteristic convulsive waves far sooner than the normal control. SUMMARY 1. Spontaneous potential waves from isolated toad's brain had the amplitude of 10 to 501 V and the frequency of 4 or 5 cycles per second.
2. When glutamic acid was applied to the brain, convulsive waves over 1001.E V in amplitude and of 10 to 20 cycles per second were evoked from the hemisphere and the optic lobe. With regard to the threshold concentration of glutamic acid, some local differences were found.
3. The amplitude of spontaneous waves increased in alkaline and decreased in acid Ringer's solutions. At extremely high values of pH such as 11.0 there occurred convulsive waves similar to those evoked by glutamic acid.
4. NaCN abolished the spontaneous waves in high concentrations, but enhanced them temporarily in low concentrations.
5. Monoiodoacetic acid increased the amplitude of the spontaneous waves in middle concentrations, while no change was seen in higher or lower concentrations.
6. Repeated application of a drop of 1 per cent glutamic acid to the hemisphere at intervals of 10 minutes caused a burst of convulsive waves every time, and such a response could be found till about 2 or 3 hours after excision of the brain. The brain soaked in NaCN, however, soon lost the ability of responding to stimulation with glutamic acid. Mono iodoacetic acid showed a similar effect even in such moderate concentra tion in which the drug enhanced the spontaneous waves.
Finally I express here my hearty thanks to Prof. Motokawa who furnished me with guidance and helpful criticism.
